Effect of protein kinases on lactate dehydrogenase activity in cortical neurons during hypoxia.
Our previous work shows that delta-opioid receptor (DOR) protects cortical neurons from hypoxic insults. Since an enhanced anaerobic capacity is important for neurons to adapt to the reduction of oxidative phosphorylation, we asked whether DOR plays a role in neuronal regulation of anaerobic capacity, thus protecting neurons from O(2) deprivation. Indeed, there is evidence suggesting that DOR may regulate protein kinase A (PKA) and C (PKC), which are involved in regulation of lactate dehydrogenase (LDH). However, little is known regarding the role of DOR and protein kinases in the regulation of glycolytic and related enzymes. As a first step, the present studies were performed in primary cultures of rat cortical neurons to clarify two issues: (1) Are protein kinases involved in the regulation of LDH activity in hypoxia? and (2) Does DOR affect LDH activity in hypoxic neurons? The results showed that PKC activation yielded substantial increases in normoxic LDH activity and significantly augmented LDH activity in hypoxic neurons, while PKC inhibition decreased LDH activity in both normoxic and hypoxic neurons. PKA activation significantly increased LDH activity in normoxic neurons and further elevated LDH activity in hypoxic neurons. However, PKA inhibition did not decrease in LDH activity in either normoxic or hypoxic neurons. Although DOR inhibition slightly reduced LDH activity in normoxia, DOR activation or inactivation did not alter LDH activity in hypoxic neurons. These data suggest that in cortical neurons, (i) PKC up-regulates LDH activity and plays an important role in its up-regulation during hypoxia; (ii) PKA is less likely involved in the regulation of LDH activity during hypoxia although its stimulation may slightly increase LDH activity and (iii) DOR does not contribute to LDH activity up-regulation during hypoxia.